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Reaction Kinetics
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After studying this chapter, students will be able to::

e Describe collision theory in terms of number of particles per unit volume,
frequency of collisions of particles, kinetic energy of particles and activation
energy.

e State that catalyst increases the rate of reaction provides alternate pathway with
lower activation energy, and remains unchanged at the end of a reaction.

e Describe the physical parameters that may be affected by the rate of reaction
including change in mass, temperature, and formation of gas.
Interpret data, including graphs, for investigating rate of reaction.
Explain the effect on rate of reaction of changing concentration of a reactant,
pressure of gases, surface area of solids, temperature, presence of catalyst
(including enzymes) using collision theory. _ A0

e Justify the importance of chemical kinetics in the foqéin Q&ﬁfjﬁndﬁéﬂ”ﬁc ideal
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= Subjective Type Questions

/ Long Questions prepared in the light of new Examination Techniques /
(Knowledge, Understanding, Application, Analytical & Conceptual) 4

[17.1 Collision Theory of Reaction Rate
17.2 Change in Mass during a Chemical Reaction

[ 17.3 Change.in Temperature During a Chemical Reaction

0.1: Describe the main points of the collision theory of reaction rate.

Ans. A reaction takes place only when the participating particles (atoms, molecules or
ions) collide with one another. It has been observed that a very small fraction of
collisions lead to the formation of products. In the majority of collisions the reactant

particles simply bounce back without any change. N A N 75 | alo=
R e k) U B TR Y =

Etfective Collisions: Nt WA Y

Collisions which lead to reagfion are;-iph_l'kaij&fééfiife collisions.

The rate of a reacjipq____ﬁén'q_§j~'uﬁﬁ'-'ih'é"ﬁumbcr of effective collisions which, in
turn, depends upon tie folowing factors.
(i) The number of particles per unit volume:

The larger the number of particles per unit volume, larger is the possibility of




effective collisions. In other words, higher the concentration of the (mé;‘thhisl more the
number of molecules and hence more will b the Rumber, qﬂq&?(@p}m etween them.
(if) The frequency of Collisions: |\, ?:’ \(0 \} DA\GLER)

A greater number of cﬁt\gﬁfﬁné‘@ﬂ;&ﬁnd will also result in the increase in the
number of cﬁcctnvm%pﬁi At 1Pﬂgh::r temperature the velocities of the molecules
increase pna:su.:ltmﬁ‘j UtHe increase in the frequency of collisions. This increase in the
frequency of collisions will also increase the number of successful collisions.

(iiiy The kinetic energy of the particles:

The kinetic theory of particles says that all matter is composed of tiny constant
moving particles. Their motion is due to kinetic energy they possess. As the temperature
increases, the kinetic energy of the particles also increases. As a result, the particles start -
moving fast leading to more vigorous motion. The fast moving particles will have more
chances to collide with each other.

(iv) Activation energy

According to collision theory, the colliding particles will lead to effective collisions.
only when they possess sufficient energy to break the bonds present 1(34,1& reactant
molecules. This minimum energy rf:qulred to slart a rgT(Eﬁjq i% called its
activation energy. ® \

Generally, ata partlcuhgj bt( Esg malccules of the reactant possess
average energy. A fraction r.'»lﬁj wlll, however have more than the average
energy. Paﬁmlem\l}nl en average energy of this small fraction of molecules
exceeds the en to activate molecules so that they can undergo a chemical
reaction. -

When the reactant particles come close to
each other at the time of collision, they slow
down and the kinetic energy they possess, is
converted to increase their potential energy.
This process can be understood with the help
of a graph drawn between the path of reaction
and the potential energy of the system. When Resctants el
the reactant particles possessing activation
. energy collide they form high energy state with - TRloN Cootiiete
the corresponding increase in the potential plﬂ,ggmm%_’fﬂ

energy of the system. After this stage the reactants Surp\qﬁn?e)ﬁd “into the stable products
and the potential energy of'the system falls :r \ YW
0.2: Discuss how change | %ﬁmﬂn;ﬁ tﬁ&mical reaction takes place.
Ans. Change in mass. md‘a chemical reaction:
The total }({ ring a chemical reaction always remains the same. This is the

requirement of the law of conservation of mass which is always obeyed. However, some
reactions may appear to proceed with a change in mass which can usually be explained

High energy state

Potential energy

]




because & reactant or a product is a gas in such rcaclmm. -" \ ,r"—"f” N‘ub

If a reaction is carried out m an open ¢ ntzupcrx se& @EJ Tﬁ: or enter, the
apparent mass change can occur 4 gas ise m ed. For example, if a
gas is evolved, we shall observe %ﬂaﬁmﬁ \ihirﬁhh Hﬁd if a gas is absorbed, the apparent
mass will increase. . m[; J |\

If a ribbon of hagnesium is burnt in an open crucnhlr:, the mass of the product
(MgO) formed will be greater than the reactant (Mg). This increase in mass has occurred
due to the reaction of magnesium with oxygen present in air. However, if the two
reactants (Mg and O,) are allowed to react in a closed container, the total mass will
remain the same before and after the reaction.

Formation of a gas during a chemical reaction:

If a reaction is performed between marble chips and dilute hydrochloric acid in an
open container, the mass of products will apparently be less than that of reactants. This
apparent decrease in mass is due to evolution of CO2 gas during the reaction which
escapes into the atmosphere.

CaCOj (5) + 2HCI (aq) —— CaCly aq) * H2O (y + CO3 (5

When a reaction moves ahead the concentrations of e :f@ '\lf\ﬁ ''''
the reactants decrease until all the reactants arg u i,@
At the same time, the concentrations m \ §
increase and reach the maximu W of the | £
reaction. MmN e ¥
0.3: Explain chan i mperature during a chemical s
reaction. Concentration time graph

Ans. Change in temperature during a chemical reaction.

Chemical reactions are quite often accompanied by the changes in the temperature
indicating whether they are exothermic or endothermic. :
Exothermic Reaction:

Exothermic reactions heat energy is released which is absorbed by the surrounding
causing their temperature to increase.

For example:

When quick lime (Ca0) reacts with water, slaked lime Ca(OH), is formed and a lot
of heat energy is released. s ’Pf"liﬁ\f

CaO) + H20p) ——> Gﬂfﬁ?ﬁ%iﬁ\ ” c:\ N
== |

Endothermic Reactions: o0\ \J’f’ \ \ \SI S -

In endothermic reactions H %@3\ rbed causing the surrounding to cool
down. | qq *\t
For Example: i

When ammonium chloride or ammonium nitrate is dissolved in water, heat energy
is absorbed causing the container to cool down. '




Effect of Temperature on the Rate of the Reaction: 5\ @0 (0 i\

Increasing the temperature of the reastmni.qnﬁ'iguiug ﬁs rafe«‘ For many reactions,
the rate doubles with every 10 ‘IC rise m *lcmmr‘amh:

Cooking food uses htﬁh tgm?c\'&hii’& to speed up chemical reactions that break
down the components.of flod\ making it edible.

Factors Affecting the Rates of Reactions

Importance of Chemical Kinetics in Food Industry

- 0.4: Discuss the effect of concentration of the reactions.
Ans. Effect of Concentrations of the Reactions:

In order for the reaction to occur, the reactants must come in contact with each
other. For this reason, the reactions are most often carried out in one phase. For example,
in liquid solutions or in gas phase.

When the reactants are present in the same phase, their particles are able to meet on
the molecular level and thus are able to collide with each ﬂlhﬂﬁ—ﬂaﬂj‘“ Whlghcr the
number of particles of the reactants per unit L vol lﬁgﬁe&\‘wn Hfb& charces of effective
collisions and hence higher will be th: Pﬁo\a\ i\

Effect of an Increase or Dra@ﬁm te’tﬂrations of the Reactants:

An increase or r,iﬁ»a-redjr; \ﬁké\encemratmns of the reactants will result in increase or
decrease in the Wwﬁaﬂmn respectively.
For Example:

e  Combustion of coal in air (21% oxygen) proceeds relatively slowly as compared to
the reaction in pure oxygen.

e Lime stone reacts with different concentrations of hydrochloric acid at different
rates.

Experiment:

An experiment can be performed to show the increase in the rate of reaction with
the increase in the concentration of hydrochloric acid.

Procedure: 1 -

Take a flat- bottomed conical flask fitted with a dﬂll\"ﬁl,l:}\" fqbe\vhmh is. néﬂnectcd to
a syringe. a O L\ T O },

The flasks contains: e ﬁ\ \/ --H 'r 1\ J f
e  Granules of limestone !.aléépﬁﬁ \;}\:&H

=,

e A fixed vnﬂ ar hydrochloric acid.
After the ' of reaction carbon dioxide is generated which is collected in the

syringe.




The scale present on the syringe dlractty measure the vnlurqw—qf cgbg]:(giqxadc £as

evolved. Y '¢\ )
'J — B
Conditions for the Experiment: ., \ﬁ*’ \(O\ w\\"a ﬂa Y U
It is essential to kcep all a}i@?@%ﬁﬁt in th:s experiment. For example,
e  The volume n }u‘ hvdrochloric acid.

e The tcmperaiil}e t whlch the experiment is being carried out,
e The mass and size of lime stone granules. :

Measuring volume of carbon dioxide evolved:

The reaction is followed by measuring the volume of carbon dioxide gas evolved.

VI

Gas syringe

Conical flask /A= T ~h
S L 5 Hﬂ ﬂ@d’ck@\‘@@ﬁd
iR an!
o{hﬁwﬁ\ limestone

Rate of amnugww

The change in the rate of reaction is then seen __E_p G e g
when a graph is drawn between the time in seconds or § i el
minutes against the volume of gas evolved 4

The graph obtained is in the form of a curve. We £ N R o
can measure the rate of reaction during a time interval .
by drawing a tangent on this curve. The results show f*— Faster rute a1 the stan
that the reaction starts with a very fast rate which then %8 s e e O i

pmgresswcly slows down as the concentration of Reaction rate
hydrochloric acid decreases. After a while the
reaction stops because the whoie of hydrochlurlc

acid has been utilized.
The two curves A and B represent two,

separate experiments done wﬂh {mc an t oiu}f\
concentrations of HCI r:spec*l\ 5’ .\ ﬁ T S

The greater lhe Hnir&?ng he stecper is 0 Vo oy Ank
the curve at t!u: of ‘the experiment wh:ch Reaction rates at two different
means faster rate of reaction. concentrations

The more concentrated is the acid. the more are the chances of effective collisions.




Q.5: Discuss the effect of temperature at \uhinn 2 rm'ﬂun !q mmw
Ans. Everyday Observation: ® RN
It is an everyday observation. ﬂtﬁt \the, Faw,ﬂug’aiﬁmml reactions increase with
increase in temperature. '1 ” \ \ A ‘s W R
. ll'.'. Ll
Eﬂmﬂlu ] PJI \J
e Food cuﬂks‘%ster at hlgher temperatures than at lower ones.
®  The oxidation of iron is very slow at room témperature but proceeds very fast at
high temperature. :
In many cases the rate of reaction is nearly doubled when the temperature is

increased by 10 °C.

hhmﬂmﬂm

The graph shown in the figure explains this rapid increase in the rate of reaction
with the rise in temperaturre.
According to the Collision Theory

According 1o the collision theory, the rate of reaction depends upon the frequency
of successful collisions between reactant molecules.

As the temperature of a reaction is increased, the kinetic energy of the participating
reacting particles also increases. This, in turn increases the velocities of their
movements. As a result the collisions which lead to the occurrence of reactions also
increase, enhancing the rate of reaction. rd '

as: mlmmmmmnmqw
(a) Reactants present in gas mfﬂmw”
(b) Enmmmtmuawﬂ&&‘

Ans. (2 in gas phase:

If reactants ﬁ'a reaction are present in gas phase, their concentration can be
changed by changing their pressure. For example, the rate of reaction between hydrogen

o \
A I':Ill w

\ LI!;-:[ 0 RS




and chlorine can be doubled if the pressure of chlorine gas is double/provided the other
component hydrogen is present in excess. o ".ﬂ. '1-,;-55 \“\\:1 'E'\;‘ / (ST
(b) Effect of surface area af sol :\\"»{ QA [
X . o OO G LLAL AN 5 .

Reactions 111_}*9[3(\:%_‘55&;!?11_5 take place on their surfaces and the rates of their
reactions d‘mﬂdh(ﬁjﬁﬁl xtent on the area of the surface contact between them. The
larger the surface area of the solids, the more is possibility of their particles to come in
contact with each other and the higher is the rate of reaction. Finely divided solids,
because of the greater surface area available, react more rapidlly than do large pieces of
the same substances.
For examples: Aluminum foil reacts with warm sodium hydroxide but in finely divided
state it reacts rapidly with even cold aqueous solution of sodium hydroxide evolving
hydrogen gas.
© | 2Aks) + ZNaOH4q) +6H0(y —— 2NaAl(OH)4 (aq) + 3H2 ()
Similarly, a large piece of wood will burn slowly while small pieces burn rapidly.

Q0.7: Explain the effect of catalyst on a chemical reaction?

Ans. Effect of catalyst: WSS l;(@;{ﬁfﬁ

A catalyst is a substance which alters thelrate Of ﬂrﬁ% but it is not consumed
during the course of reaction. It's ‘@%zl J,ll%sj )Lthe reaction takes place by
substantially lowering its ﬁ;ﬂsﬁgﬁﬁﬁ en the activation energy is lowered, more

: )
and more particle 8!
<RIV

J will start forming the high energy state and the rate of
reaction will se. For example, platinum metal serves as a catalyst during the
addition of hydrogen in cthene. Bath hydrogen and ethene are known to adsorb on the
surface of platinum metal and the bonds, present in them, get weakened. Thus, the
surface of metal helps the reactant molecule to react together.

" . igher energy state
High enargy state
E -Activation energy
g Reactants Products
- > 277 .,I“,"F-“'f‘.“*
2 - AN I G
Wn m;w' 3 l&.'{i“i‘}“"r’ 1M

R =

Path ofreacton with o wtought the pesence of catalys

In the presence of a W{ﬁ%m on energy is sufficiently lowered allowing
* more and more molecules 1o react together.
Q.8: Write briefly/about the role enzymes play in our body as biological catalysts.
Ans. Enzymes:
Enzymes are biological catalyst.




| |'|I"|II I'xllll
n’ﬁ:mmal reactions

Role of enzymes:

These are basically protiens which hdg ced
taking place in our body. ) J7V \I‘ HH‘M

x “J DL
Elplmatlln Nn 0\ HL o=
W% r&:tnnt mﬂlﬂ:ulcs using the active sites present in them.

Once beund with the reactant molecule the particular bonds in the reactant molecule are
sufficiently weakened for the reaction to take place. The product formed then dissociates
itself from enzyme which is then free to bind another reactant molecule. The active sites
present in enzymes are very specific such that a particular enzyme can catalyze a specific
reaction only.
0.9: How does chemical kinetics play an imporiant role in the food industry?
Ans. importance of chemical kinetics in food industry:

The study of reaction rates and the factors which affect these rates play an

important role in food industry.
The rates of chemical reactions which are involved during food ripening and food
spoilage are studied for different types of fruits and vegetables. The i in aation thus
obtained is used to minimize the losses due to spm{ngc and’aﬂ‘:ﬁhﬁt# ermine the
optimum conditions for hanrcsting, . l;\.;l tﬁgn ( ﬁﬁtioki’i of food products by
studying the rates of enzymatic’ \ orfhicrobial growth.

Fruits and v:gctahlc.} wing 1o the reactions which involve enzymes. These
reactions convert, o sugars, soften tissues and develop characteristics flavour
and colours. With the help of rates of these enzymatic reactions, farmers can predict
when the product will reach at its peak quality and ready for harvesting. For example, the
rate of production of ethene during ripening can be monitored to determine the best time
to harvest the fruits.

Some enzymes which are naturally present in foods can spoil the foods which then
undergn changes in texture, flavour and nutritional value. Again understanding the rates
of these enzymatic reactions will allow us to plan how to stop this spoilage.

For example, if a fruit is known to degrade rapidly during transportation or storage
owing to high temperature, refrigeration can be employed to prevent rapid spoilage.

17.18Quick (17710

1.  How will you increase the frequency of collisions? - padsay .-'.1-'|'H,'_."|r":f!.,"~:":g
Ans. The frequency of collisions can be increased by: -~ ﬁf 75 N~
®  Increasing temperature g Hlu,.ﬁdﬁl“i}u' o
e  Increasing concentration (| _ v A\ A e
'-. "n e b=
e Increasing pressure (for guq‘)h 1\ \
2. What happens to the ¢ rtl:lﬂ after collision?
Ans, After m!hsrdtpjhnﬁlb# thmgs happens:
® A very small fraction of collisions lead to the formation of products.
.

The reactant particles simply bounce back without any change.
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. Ans,
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Why a catalyst is mostly used in ﬂnelxﬂhv fram?| v; i s
A catalyst is used as a fing ppw mmntssurﬁmmalnwmrfm
area provides more acthlé\»pi\ef" %m reactant molecules can absorb and react which
significantly spes reaction compared to using a single large piece of catalyst,

How do you intrease the number of succesful collisions?

Succeful (effective) collisions are increased by:

Adding a catalyst:

This lowers the activation energy, allowing greater fraction of particles to have enough energy to
react. .

Increasing Temperature :

This provides more particles with the minimum required activation energy.

How does the concenctrations of the products change during reaction? Explain with the
help of a graph.

At the start of a reaction, the concentration of reactants is high, while the concentration of
proeducts is zero. The reaction starts with a very fast rate. As the reaction procecds, the
mmimofpmdtmmrlpldly Over time, as reactants are consumed, the ratc of
product formation slnw: down because the whole of the reactants hm been ||.|l.lllafn{;{H

~
) (L)

Y e B ' BT
R O 2
qﬂll =7 -F-III f P {

N/ < \ayad
il G - ﬁ-ﬁmmmm
NPl |

/ 44— Faster rate of reactions

(o]

0 Time in seconds or minutes -

y 8
Ans.,

How would you determine the best time of fruit lun'utrn:"

The best time of fruit harvesting is determined by monitoring the rate of production of ethanc
during ripening. By understanding the kinetics of the enzymatic reactions that convert starches to
sugars and change fruit texture, farmers can harvest when the fruit is at its peak quality for
transport or consumption. Q

Why some fruits and vegetables get destroyed early during summer than during winter.
Chemical and enzymatic reactions follow the rule that reaction rates increase m!l;umperamm

In summer, the high ambient temperature speeds up the mes g{ ?x@quq m@;ﬁ]&abml growth,
leading to rapid spoilage. S L\ w

In winter, the lower tcmpcraqlru act 'hkuf iqﬂih mﬁ@muhn uﬂnwmg these kinetic processes
down. )

Understanding “Kinetics helps us to control the reaction conditions in order to speed up or sloy
down reactions as needed.




INTERESTING INFORMATIONY o EO

';J'...

Understanding the kinetics uf mudatmn te,if;ﬁt:rns: I:;F fats helbsm prevent spoilage of butter.

‘u

INTERESTING INFORMATION  RRIUOCTREE

Fl‘l!}"l’ﬂﬂ basfd mmﬁﬁu u.rr: uscd o dctect glucose in blood.

INTERESTING INFORMATION 3

Kinetics helps us to increase the yield of a reaction and minimize the waste.

/4

Multiple Choice Questions prepared in the light of new Examination Techniques
(Knowledge, Understanding, Application, nnalytmal & Cunceptual]

Change in Mass ciuring a Chemical Reaction

Change in Temperature During a Chemical Reaction

Accnrdng iﬁ culhsmn theory, what are collisons that resuit in the formation of
products called?

(a) Random Collsions - (b) Effective Collisions

(c) Elastic Collisions (d) Frequent Collsions

The minimum energy required to start a chemcial reaction known as?

(a) Thermal energy (b) Kinetic energy

(c) Activation energy (d) Potential energy

What typically happens to the rate of many reactions for every 10 °C rise in
temeprature?

(a) Itdoubles (b) It halves (c) It stays the same (d) ﬂ}mp]cs

Which types of reaction releases hem‘. em:rg} mtn the su rraunﬂ:ngs"

(a) Neutralization (h] Exnthmmw {i'.‘u}" Endﬂthermlc (d) Decomposition
What happens to the! tuncentration of products as a reaction moves toward
mmpletmn.u NN o |

(a) It stays ‘constant (b) It decreases

(c) It increases : (d) It becomes zero




6. Dissolvmg ammonium chloride in water makes the cc mntmner fgalﬁmﬁ'hu is
example of a/an: [ \o
(a) Fast reaction g _ "n \ (ﬁ‘[ Ae:t‘\rat;,k;d{\‘eﬂctlﬂn
(c) Endothermic reaction '- Al "w f x ‘l;d) -Exothermic reaction
7. When CaO (quick hme)‘ reﬁkﬁ hith water, what happens to the temperature?
(a) It mmalnﬁmm“c (b) It increases
(c) It decreases (d) It fluctuates randomly
8. How does increasing the concentration of reactants (particles per unit volume)
affect the reaction rate?
(a) It increases the rate (b) It increases activation energy
(¢) It has no effect on the rate (d) It decrease the rate.
Factors Affecting the Rates of Reactions
Importance of Chemical Kinetics in Food Industry
9.  Which form of a solid reactant will react the fastest with a liquid?
(a) Finely divided powdered : (b) A few medium-sized lumps _
(c) One large crystal (d) A flast sheet sofids)| R
10. What happens to a catalyst at the end q\:!_?}a &m@h (e )\o="
(a) I is completely used ug o i \ V7 ically unchanged
. (c¢) Itisturned into a prod \&g 3\ JU t evaporates
11. Enzymesareb dﬁt‘ﬁ
(a) Products ¥t ﬁage (b) Biological Catalyst
(c) Inorganic reactants (d) Temperature inhibitors
12. What process do enzymes catalyze to ripen fruits?
(a) Freezing the fruit tissue (b) Conversion of starches into sugars
(c) Conversion of sogars into starches (d) Increasing the oxygen content
13. Enzymes are best described as:
(a) Products of spoilage (b) Biological catalysts
(c) Inorganic reactants (d) Temperature inhibitors
14. Which gas production rate can be monitored to deteremine the best time for
fruit harvasting? ;
(a) Ethene (b) Nitrogen (c) Hydrogen (d) Carbogrmqnomde
I5. In many cases the rate of reaction is dou blt;,when Ihe{empcrhmrtﬁ increased
by: - ALY
(a) 10°C [b) 20 **p 2 1' ' *-..ji{}“'(f (d) 40°C
. ® 2. @N (a} 4. By 8 e 6 @), T )
8. (a) 9. (a) 10 (b) 11. (b) 12, (b) 13. (b) 14. (a)

15. (a)
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//. Additional Shnrt Questiun

Short Answer Quesions prepmr—ci in th;. th' of new F‘K[!Imnﬂ’rmn Tedm:qu:"
{Knnwledge Underrtanmm s Apphcatmn, Analytlcal & Conceptual)

Change in Mass during a Chemical Reaction

&N Change in Temperature During a Chemical Reaction

1.  Define rate of reaction.

Ans. Rate of reaction:

Rate of reaction is the speed at which the reaction takes place.

2. What is the basic requirement of collision theory for a reaction to occurs.

Ans. According to the theory, a reaction takes palce only when the participating particles
(atoms, molecules or ions) collide with one anotehr.

3.  What are "effective collisions"?

Ans. Collisions which lead to reaction are called effcct;r 5;}]1\4

4. How does the number of p\amclﬂ i%wfilqm ﬂbld;ﬁezﬁ'ut the reaction state?

Ans. The larger the number ?ﬂnahﬂqk&pﬂ?mmt volume, larger is the possibility of
effective collisons a.ngi il fgsta{é:icuun rate.

5. Whatis thqﬁeﬁu{i‘hf temperature on the frequency of collisons?

Ans. At higher temperature the velocities of the molecules increase resulting in the
increase in the frequency of collisions.

6. How does kinetic energy relate to the reaction rate?

Ans. As temperature increases, the kinetic energy of the particles also increases. As a
result, the particles start moving fast leading to more vigorous motion. The fast
moving particles will have more chances to collide with each other.

7. Does the total mass of substances change during a chemical reaction?

Ans. No. According to the law of conservation of mass, the total mass remains the same
throughout the reaction.

8. Why does the mass of marble chips seem to decrease when reacted w:th dilute

|u‘>\ ( |’, I"ll..l'. W

HCl in an open container? : o\ A

Ans. The apparent decrease in mass is due Q. ewtuu,nn af ﬂ?dy gas dm‘mg the reaction
which escapes into the atmosphere. |\ | - x V(D \L

9. What happens to the cgnccntrnnbw of reactants and products as a reaction
moves ahead? o jﬁ}I AL

Ans. When a ma&uaﬁ havcs ahcad the concentration of the reactants decrease untill all
the reactants are used up. At the same time, the concentrations of the products
increase and reach the maximum value at the end of the reaction.




10. Differentiate between exothermic and enduthermlc renc_tlamw (i '5‘
Ans. Exothermic Reactions: = N (@ ‘a"[“-
In exothermic reaction heat energﬂ’q; Fﬁﬁ\ \\rhjcﬂ\swmrbcd by the surrounding
causing their tempeérature !{:ikmq”tﬁsy AL -
For example: When qu:qk ]{up @}*rﬁacls with water, slaked lime Ca(OH)> is formed
and a lot of ene 4

CED[E,] i Hzo[]]. ——3 Ca(OH), (s)
Endothermic Reaction: In endothermic reaction heat energy is absorbéd causing
the surrounding to cool down.

For example: When ammonium chloride or ammonium nitrate is dissolved in
water, heat energy is absorbed causing the container cool down.

11. How much does the reaction rate typically increase with temperature?

Ans. Increasing the temperature of the reactions, increases its rate. For many reactions,
the rate doubles with energy 10 °C rise in temperature.

17.4 Factors Affecting the Rates of Reactions

Importance of Chemical Kinetics in Fﬂnri industry

12. How does the concentration of rﬁqlmm?;ﬁrﬁ :' oﬁfe;Eﬁun*

. Anms. An increase are decrease-in concenirat J{t\s of the»ﬁ. ctant‘s. will result in increase or
decreases in the rate of ré&q:ﬁ{m;n l’ﬂsﬁacmrely
For Example: .. -\ N o\
Combustmri“'j}g :n air (21 % oxygen) proceeds relatively slowly as compared to
the reaction in pure oxygen. _

13. How does pressure affect the rate for gases?

Ans. If reactants in a reaction are present in gas phase, their concentrations can be
changed by changing their pressure.
For Example: The rate of reaction between hydrogen and chlorine can be doubled
if the prssure of chlorine gas is doubled provided the other cumponcnt hydrogen is
present in excess.

14. What is the effect of surface area on the reaction rate of solids?

Ans. Finely divided solids, because of the greater surface area available, react more
rapidly than do large pieces of the same substances.
For Example: N a0
Aluminium foil reacts slowy with warm sadnurn hydfcr:tﬂé I:-u{:m#]‘mely divided
state it reacts rapidly with even,ﬁcnlﬁ’pﬂqépub acsél'uiubm of sodium hydroxide
evolving hydmgen gas. O\ ‘-, A NV NN

2Al(s) + 2NaOHgag) 't 6B26m —» 2NaAl(OH)4 (aq) + 3H3 (g

15. Give an ewrpﬁldf example of the surface area affect.

Ans. Small pieces of wood burn much more rapidly than a large piece of wood because
of the increased surface area available for the fire |
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16. Whydnﬂmhlrucﬂmpmcdhﬂerathigherte

Ans. As the temperature of reaction is mc i« e partnclpalmg
reacting particles also mcreasﬂ?; 1& m g¢ases the velocities of their
movements, as a resuff,mg Eo‘l!m?ns wh’ lead to th: occurence of reactions also
increase, enhan:ma@ Freaction.

17. Define a'

Ans, Catalyst: A camiyst is a substance which alters the rate of the reaction but it is not
consumed during the course of reaction.

18. How does a catalyst speed up a reaction?

Ans. The role of a catalyst is to after the way reaction takes place by substantially
lowering its activation energy. When the activation energy is lowered, more and
more particles-of the reactants will start forming the high energy state and the rate
of reactions will increase.

19. What are enzymes?

Ans. Enzymes: Enzymes are biological catalysts. They are basically protiens which
helps to speed up specific chemical reactions takmg place in our bo zl-‘ .;b

20. Why is the study of reaction rates im

Ans. It helps scientists to detennme ﬁ lrdghg/ Eanrestmg, storage and
transportation of f'n m& ng the rates of enzymatic reactions.
oxidation or mic

21. How duqﬂaﬁh& ect ﬂu.- ripening of fruits?

Anms. Fruits and vegetables owing to the reactions which involve enzymes. These
reactions convert starches into sugars, soften tissues and develop characteristics
flavour and clours.

22. How can farmers use kinetics to predict harvesting time?

Ans. With the help of rates of there enzymatic reactions, farmers can predict when the
product will reach at its peak quality and ready for harvesting,

For Example: The rate of production of ethene during ripening can be monitored

: to determine the best time to harvest the fruits.

23. Why does food spoil faster in summer than in winters?

Ans. Hy temperatures in summer increase the rate of enzymatic reactions and microbial
growth, leading to rapid degradation of texture, ﬂaya,gf\ qumﬁ.‘(ﬁ'ﬁonal value
compared to the cooler winter mum.h&, 5% xﬂ G ,ﬁ H N / ,u“‘— |

24. How is refrigeration Iu, l* ood\{ﬂoﬂiée"f

Ans. R:fngeratmn lnwers %S; npe }c WFICh significantly slows down the rates of
oxidation r matic processes that cause food do decay.

25. What Iuh& biosensnrs are used to detect glucose in blood?

Ans. Enzyme based bisosensors are used to detect glucose in blood.
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; ] A.Multiple Choice Questlnm J 0 H AL SR} -
¢ Choose and tick !ﬂﬁ no#réJct dnswer from the given choices.
1. The number uf collisions per unit volume of the reaction mixture is called:

(a) Collision energy (b) Activation energy

(¢) Collision frequency (d) Collision force
2. If the reactants possess an energy higher than the activation energy, then the

reaction will be:

(a) Slow (b) Fast (c) Not affected  (d) Instantaneous
3.  Which of the following explains the increase in rate of reaction in the presence

of a catalyst? |

(a) Catalyst provides extra energy to the reactant molecules

(b) Catalyst provides an alternative pathway which lowers the activation energy.

(c) Catalyst increases the collision frequency it ‘ﬂﬁ

(d) Catalyst decreases the collision frcqucncy —~\] 7*;'53 '. j&: ;: N
4.  Which of the following statements is cor \(\ H 1 ‘»fi [ =5

(a) Collisions with energy ggga,m Mﬁﬂth&ﬂ the E*ctwa ion energy lead to

reaction, T "\“ \)

(b) Collision fi h‘iﬁd{f}ﬂated to the reaction rate

(c) All cnlhslz}ﬁMc‘aa to ‘a reaction.

(d) Collisions with energy less than the activation energy lead to the reaction.
5. When a reaction proceeds ahead, how the concentrations of reactants and

products change? -

(a) Concentration of reactants increases and that of the products decreases.

(b) Concentration of reactants decreases and that of the products increases.

(c) Concentration of both reactants and products decreases.

(d) Concentration of both reactants and products increases.

L © 2 (b 3 ® 4 @ 5 O

[ B. short Answer Questions L 12 CONE

17. l What is a successful collision? - Q9 AN H R NN/ ':' 27 5 |

Ans. A successful collision is gne tj:at—resulm \inthe: af%\‘malién of products. For a
collisions to be successful, the aﬂ!hdaﬁg particles must have the correct orientation
and energy equal to ﬂrwﬁérﬁhm the activation energy.

17.2 How does mc@i& in' the temperature increase the rate of a reaction?

Ans. As the temperature of a reaction is increased, the kinetic energy of the participating
reacting particles also increases. This, in turn increases the velocities of their




movements. As a result the collisions which lead to the ur;mrrc,ug&mg‘actmns also

increase, enhanced the rate of reactmn 0 ’“x‘x \4' /. o, \on2®
17.3 Define activation energy \7¢ (C )\ H\Rr\i WY
Ans. Activation Em:rg;lr Q H"" 1\\ 5;\ ~ "
The minimum ¢ P \\_]Rd 'to start a chemical reaction is called its activation
\r\hr\*i NP

‘energy. «;

17.4 Why doé’ flle burning of sulphur proceed slower in air than in pure oxygen?

Ans. The burning of sulphur proceeds slower in air than in pure oxygen. It is because air
contains only about 21 % oxygen, while pure oxygen has a much higher
concentration, leading to a higher collision frequency between sulphur and oxygen
molecules.

17.5 Why a catalyst used in a reaction is preferably taken in the powdered form?

Anms. A catalyst used in a reaction is preferably taken in the powdered form because
powdered form increases the surface area, providing more active sites for the
reactant molecules to absorb and react, this increasing the reaction rate.

17.6 Why is the rate of a reaction often very fast at the beginning of the reaction?

Ans, The rate of reaction is often very fast of the beginning of&c m ausc at the
start, the concentration of rear:tants |5 gﬁtﬂrm rate of reaction
and more chance of effective cu

17.7 Magnesium does not. ;(?\1‘33 ﬂm‘m temperature but it reacts very fast
at high tem nse whitc light, Explain,

'L.--LI

Ans. At roo magncsmm atoms do not have enough energy to break their
bonds a.n} start a reaction with the oxygen in the air. When magnesium is heated at
high temperature.

Activation Energy:

The heat provides the "starting energy” (activation energy) needed for the reaction
to begin.

Chemical reaction:

The magnesium starts to burn rapidly, reacting with oxygen to form magnesium
oxide.

Energy Release:

This reaction is very strong and releases a lot energy all at nncm gwmg intense
white light.

17.8 What happens to the reactants aft 1th Pﬁlﬂfﬁ@fh&:@y hill during a
H

reaction? : \(7

Ans. In a chemical reaction_thi nréyrh{pﬁ e amuunt of energy reactants must gain
to actually chan new.
Once mqﬂﬁ&@lﬂm the top of that hill:

e They reach a very unstable state where their original bonds are broken.

o They immediately "slide down" the other side of the hill. As they do this atoms




rearrange themselves and form new bonds, and turned mtu pmduc,g{f (S 0
17.9 How does a catalyst lower the activation Ot
Ans, A catalyst lowers activation cncrgyxb,x,rh\nqwdl »aittfnatwe reaction pathway

with a lower energy barrier, Rj:p\ k‘rntmon to occur faster.
17.10 Give any two I'eatq M}rﬁc action of an enzyme.

Ans, (i) High smw k‘n enzyme acts only on a particular substrate.
(ii) Reusahﬂity The enzyme cannot consumed and can be used repeatedly.

I C. Constructed Response Questions

17.1 In what different ways you can increase the successful collisions between the
particles of the reactants?
Ans. To increase the rate of reaction, you must increase the number of effective
collisions. This can be achieved by:
e  Increasing Concentration:
- Adding more reactant particles into the same volume increases the probability of
them hitting each other.

e Increasing Temperature: < \I Lﬁ@\m g
This gives particles more kinetic gqcrg 0 f{incn:asmg collision
frequency) and more ll'l'l uf particles will have energy
equal to or grcalcr than the| ‘}&UY{‘ '

e Increasing S .

For solid re?imné crush ing them into a powder exposes more “inner” atoms to the
other reactants, allowing more collisions to occur simultaneously.

e Adding a catalyst:

This provides an alternative pathway with a lower activation energy, making it
"easier” for collisions to be successful.

17.2 Give an example of a reaction which proceeds with the gain in mass.

Ans. A classic example is the combustion of Magnesium ribbon.

2Mg)+ 035 —— 2 MgOyy
If a ribbon of magnesium is burnt in an open crucible, the mass of the product
(MgO) formed will be greater than the reactant (Mg). This increase in ‘mass has
occurred due to the reaction of magnesium with uxygengwt m;{ i f

17.3 From where do molecules get energy to llﬁiln hiﬂil; 'state?

Ans. Molecules primarily gain, :ng:gy #mfugh nmbl:)eu}ar cbﬂ:smns In any sample,
particles are moving at ﬂ‘q‘f rg\rlpsbxztf&s When they collide, kinetic energy is
transferred, lfral.uftﬂfél:ﬂté undergoes several high-energy collisions, it may
accumulate bhhugh energy to reach the activated complex state (the top of the
energy hill).
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Endothermic Reaction:
In an endothermic reaction, this energy is absorbed frnm the surroundings (heat).
Reaction Mixture: {JW\*

In a reaction mixture, increasing thnex j@}n;%?cs the thermal
energy that increases th

tern
17.4 How dees the pmen&ﬂ“\;(aﬁ st lowers the activation energy of the
following rﬂfvﬂﬂw ABLE
2 SD: () + ﬂ; (g) — s . 503{:}
Ans, The vanadium (V) oxide (V20s) acts as a heterogeneous catalysts in the contact
process. It does not simply "push” the molecules; it provides. a new chemical
pathway consisting of two smaller steps;
e  First, SO; reacts with V205 to form SOj and a reduced catalyst (V204).
e  Then the V,0;4 reacts with O; to regenerate the original V3 Os.
Because each of these individual steps has a lower activation energy than the direct
collisions of SO, and O3, the overall reaction proceeds much faster.
17.5 Explain the catalytic action of an enzyme.
Ans, For answer See Q7 (Long Subjective Questions)
17.6 If you desire to stop a reaction going on at 60°C, whlt,pcuoqrygﬂ ﬁ*ﬂl‘ take?
Ans. By lowering the temperature, systam w;ql Tr (qpl'cl I‘g:/é?:rfhc reaction rate
decreases or stnps (.-.IHI—-H 1 VZAN ":‘

17.1 Explain the H:'t &f:urfnce area on the rate of a raection.

Ans. For answer See Q6 (b) _
17.2 Describe the main points of the collision theory of reaction rate.
Ans. For answer See QI
17.3 Discuss the following factors affecting the rate nfa reaction:
(a) Effect of concentrations of the reactants.
(b) Effect of temperature at which a reaction is carried out.
Ans. (a) For answer See Q4
(b) For answer See Q5
17.4 How does chemical kinetics play an important role in the food lnqqtﬁ;y"
Ans. For answer See Q9 R ”;‘ \ Al s
17.5 Write briefly about the role enzy ?Wfplh@ kn\o&:,\ﬁad&' as hinlogicai catalysts.
Ans. For answer See Q8 &\ \( %
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